This study aimed to investigate for the first time the chemical composition, the antioxidant properties and the acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) inhibitory activity of the essential oil from the leaves of Cordia gilletii De Wild (Boraginaceae). The essential oil, characterized by 23 constituents (90.1% of the total oil), was constituted by terpene derivatives (25.6%) and non-terpene derivatives (64.5%), among which aldehydes, fatty acids and alkanes were present with the percentage of 16.5%, 18.8% and 23.1%, respectively. The antioxidant activity of C. gilletii essential oil was screened by two in vitro tests: DPPH and β-carotene bleaching test. The essential oil revealed antioxidant activity with an IC 50 value of 75.0 and 129.9 μg/mL on DPPH radical and β-carotene decoloration tests, respectively. Moreover, C. gilletii inhibited AChE enzyme with an IC 50 value of 105.6 μg/mL.
The genus Cordia (Boraginaceae) contains many species largely distributed in tropical and subtropical regions of the world [1] . Some Cordia species are known in traditional medicine for their biological properties. C. boissieri, C. myxa, C. verbenacea and C. sebestena are recorded in the official pharmacopeias of various countries [1, 2] . C. gilletii roots are used in Democratic Republic of Congo for the treatment of malaria and diarrhoea (decoction), wounds and skin diseases (topical application), whereas its leaves decoction is used against fever [3] . The roots n-hexane, dichloromethane, ethyl acetate, methanol and water extracts were previously studied for their antioxidant and antimicrobial activity. Methanol extract was the most active as antioxidant. This extract and isolated compounds exhibited a direct antimicrobial activity against all tested microorganisms [4] . The chemical composition and antibacterial activity of Cordia verbenacea essential oil was analysed. The most abundant constituents were tricyclene (23.9%), bicyclogermacrene (11.7%), germacrene D (9.9%) and β-caryophyllene (8.2%). The essential oil exhibited an interesting antibacterial activity against Gram-positive bacteria Staphylococcus aureus ATCC 6538 and Enterococcus faecalis ATCC 29212 with a MIC value of 170 and 200 μg/mL, respectively [5] .
In recent years, oxygen derived species such as superoxide radical, hydrogen peroxide, singlet oxygen and hydroxyl radical have been implicated in the aetiology of a wide array of human diseases, including Alzheimer's disease (AD) [6] . AD is the most common cause of age-associated memory deficit. One of the therapeutic strategies developed in the AD treatment is the use of inhibitors of acetylcholinesterase (AChE), the principal enzyme involved in the hydrolysis of acetylcholine (ACh). Moreover, in late AD stage levels of AChE have declined by up to 85% and butyrylcholinesterase (BChE) represents the predominant cholinesterase in brain. This enzyme cleaves ACh in a manner similar to AChE to terminate its physiological action. Thus restore the level of ACh through inhibition of both two major forms of cholinesterase: AChE and BChE remains a useful therapeutic approach to treat AD and other forms of dementia [7] . Several species including Salvia, Thymus and Mentha used in traditional practices of medicine to enhance the cognitive function were screened to their NPC Natural Product Communications neuroprotective effects [8] [9] [10] [11] [12] . Particular interest was focused on volatile constituents of essential oils due to their small molecular size and lipophilicity, that are able to cross the blood-brain barrier [13] .
Following our previous works in this work the antioxidant properties and the inhibition of acetylcholinesterase and butyrylcholinesterase were investigated for the first time and were related to the chemical composition of the essential oil from C. gilletii leaves.
A total of twenty-three constituents representing 90.1% of the total oil were identified in C. gilletii essential oil ( Table 1 ). The oil was mainly constituted by non-terpene derivatives (64.5%), particularly aldehydes (16.5%), fatty acids (18.8%) and alkanes (23.1%). Terpene derivatives represent the 25.6% of the total oil in which phytol (20.4%) and trans-caryophyllene (2.9%) were the main constituents. Palmitic acid (15.2%), (E)-2-hexenal (9.6%), nonacosane (9.2%), nonanal (5.8%), eicosane (4.7%) and heptacosane (4.5%) were also identified.
Previous works analysed the chemical composition of C. verbenacea essential oil. α-Pinene, β-phellandrene, citronellol acetate, β-elemene, trans-caryophyllene, βgurjunene, α-humulene, allo-aromadendrene, bicyclogermacrene, germacrene D, tricyclene, δ-cadinene, spatulenol and epoxycariophyllene were the main constituents [5, 14] . According to previous studies our essential oil contain αpinene and trans-caryophyllene among the identified components. A different composition was evidenced for the essential oil from C. curassavica, that showed as main compounds β-eudesmol, 4-methyl,4-ethenyl-3-(1-methylethenyl)-1-(1-methyl methanol) cyclohexane, spathulenol and cadina-4,10(14)-diene [15] . The anti-radical scavenging activity was screened by the DPPH model system while the antioxidant activity was evaluated by the β-carotene bleaching test. Data are reported in Table 2 and Figure 1 .
The DPPH free radical is a stable free radical, which has been widely used as tool to estimate free radicalscavenging activity of antioxidants. Antioxidants, on interaction with DPPH, either transfer electrons or hydrogen atoms to DPPH, thus neutralizing the free radical character [16] . C. gilletii essential oil showed a scavenging effect on DPPH radical with an IC 50 value of 75 μg/mL.
The C. gilletii roots n-hexane, dichloromethane, ethyl acetate, methanol and water extracts were previously tested for their antioxidant activity [4] . The methanol extract showed a quite potent antioxidant activity, efficiently scavenging the DPPH free radical with an IC 50 value of 3.2 μg/mL. The other extracts also demonstrated antioxidant activity with IC 50 values in the range 8.1-83.5 μg/mL.
The β-carotene bleaching method is based on the loss of the yellow color of β-carotene due to its reaction with radicals which are formed by linoleic acid oxidation in an emulsion. The rate of β-carotene bleaching can be slowed down in the presence of antioxidants. This fact is used in the antioxidant activity evaluation of the C. gilletii essential oil that exhibited an IC 50 value of 129.9 μg/mL after 30 minutes of incubation.
Several investigations revealed the in vitro antioxidant activity of monoterpenes (α-terpinene) and diterpenes (phytol) [17] . However, it is difficult to attribute the activity of a complex mixture to a single or particular constituent. Major or trace compounds might give rise to the biological activities exhibited. Antioxidant action contributes to prevent deleterious effects from reactive oxygen species and may explain the use of C. gilletii-based herbal medicines in the treatment of wounds. The study of AChE and BChE enzymes revealed that C. gilletii essential oil inhibit both enzymes in a concentration-dependent manner ( Table 3 , Figure 2 ). The best result was obtained on AChE inhibition with an IC 50 value of 105.6 μg/mL. A lower activity was found on BChE (IC 50 value of 369.3 μg/mL).
Terpenes identified in the essential oil were previously investigated for cholinesterase inhibitory properties. α-Pinene exhibited a strong AChE inhibitory activity with an IC 50 value of 0.4 mM [18] . Whereas, trans-caryophyllene showed a percentage of inhibition of 32% at concentration of 0.06 mM against human AChE [5] but exhibited a strong activity against BChE 78.6 μg/mL [19] . A similar activity against AChE was observed with α-terpinene (34% of inhibition at 50 μg/mL) [20] . Generally, the inhibitory activity of the essential oil generally results from a complex interaction between its constituents, which produce both synergistic and antagonistic responses. Concerning essential oils from other Cordia species, some interesting biological activities have been reported. For example, essential oils from Brazilian Cordia species showed antimicrobial, anti-inflammatory and anti-allergic properties [14, 21] .
Recently, focus has been on the nasal mucosa as an alternate route to achieve higher and faster drug absorption. Nasal drug delivery offers many advantages over oral administration such as the fast onset of therapeutic action due to the rapid absorption [22] . Compounds that are characterized by a low molecular weight and lipophilic character can be rapidly absorbed into brain after nasal administration [23] . Therefore, following nasal administration, C. gilletii essential oil could be used at lower dosage and have a faster onset of action in beneficial therapeutic anti-cholinesterase effect.
Experimental

General:
Methanol, ethanol, chloroform and dichloromethane were purchased from VWR International (Milan, Italy). Acetylcholinesterase (AChE) from Electrophorus electricus (EC 3.1.1.7, Type VI-S) and butyrylcholinesterase (BChE) from equine serum (EC 3.1.1.8), physostigmine, 5,5′-dithio-bis(2-nitrobenzoic acid) (DTNB), acetylthiocholine iodide (ATCI), butyrylthiocholine iodide (BTCI), 2,2-diphenyl-1picrylhydrazyl radical (DPPH), β-carotene, linoleic acid, Tween 20, ascorbic acid, propyl gallate, α-pinene, αterpinene, trans-caryophyllene, myristic acid and palmitic acid were purchased from Sigma-Aldrich (Milan, Italy).
Plant material:
Cordia gilletii leaves were collected in July 2005 from the Kisantu area (Democratic Republic of Congo). The plant was identified by the specialists of the Herbarium of the National Botanical Garden of Meise, Belgium, where a voucher specimen has been deposited under the number BR-SP.627986.
Essential oil isolation:
The essential oil was obtained by steam distillation (100 g of dried aerial parts) during 3h in a Clevenger-type apparatus [24] . The white-yellow oil sample was collected, dried over anhydrous sodium sulphate to remove traces of moisture and stored at 4-8°C in a bottle covered with aluminium foil to prevent the negative effect of light until tested and analyzed. The yield of the essential oil was 0.1% (v/w).
GC/MS analysis:
GC/MS analysis of the C. gilletii essential oil were carried out using a Hewlett-Packard 6890 gas chromatograph equipped with an SE-30 capillary column (30 m length, 0.25 mm i.d., 0.25 μm film thickness) and interfaced with a Hewlett Packard 5973 Mass Selective. Ionization of the sample components was performed in electron impact mode (EI, 70 eV). The carrier gas was helium and the analytical conditions worked with the following program: oven temperature was 5 min isothermal at 50°C, then 50-250°C at a rate of 5°C/min; then held isothermal for 10 min. Injector and detector were maintained at 250°C and 280°C, respectively. For analysis, the oil was dissolved in dichloromethane (ca. 1 mg/mL) and aliquots (1 μL) were directly injected.
GC analysis:
The GC analysis were performed on a Shimadzu GC17A gas chromatograph equipped with a flame ionization detector (FID) and controlled by Borwin Software. The samples were analysed on a fused silica 30 m SE-30 capillary column with an internal diameter of 0.25 mm and a film thickness of 0.25 μ. Nitrogen was used as the gas vector. Injector and detector were maintained at 250°C and 280°C, respectively. Column temperature was initially kept at 50°C for 5 min, then gradually increased to 250°C at 5°C/min rate and finally held for 10 min at 250°C. 
Identification and quantification of components:
Identification of the essential oil components was carried out either by comparison of their retention times with those of the literature or with those of authentic compounds available in our laboratory [25] . Further tentatively identification was made by comparison of their mass spectra with those stored in Wiley 138, Wiley 275 and NIST98 libraries. The percentage composition of C. gilletii oil was computed by the normalisation method from the GC peak areas, related to GC peak area of an external standard injected into the GC equipment under identical conditions as above. Percentage of total was obtained by their addition. All determinations were performed in triplicate and averaged.
DPPH test: Radical scavenging capacity was determined according to the technique reported by Loizzo et al. [26] . Briefly, an aliquot of 1.5 mL of 0.25 mM DPPH solution in ethanol and C. gilletii essential oil at concentrations ranging from 62.5 μg/mL to 1000 μg/mL were mixed. The mixture was shaken vigorously and allowed to reach a steady state at room temperature for 30 min. Decoloration of DPPH was determined by measuring the absorbance at λ= 517 nm with a UV-Vis Jenway 6003 spectrophotometer. The DPPH radical scavenging activity was calculated according to the following equation: scavenging activity = (A0-A1/A0) x 100, where A0 is the absorbance of the control (blank, without extract) and A1 is the absorbance in the presence of the extract.
β-Carotene bleaching test:
The rapid evaluation of antioxidant activity of C. gilletii essential oil was determined according to the β-carotene bleaching method with some modification to use 96-well microplates [27] . β-carotene (5 mg) was dissolved in 50 mL of chloroform, and 3 mL was added to 40 mg of linoleic acid and 400 mg of Tween 20. Chloroform was removed under a stream of nitrogen gas. Distilled water (100 mL) was added and mixed well with the remaining emulsion. Aliquots (300 μL) of the β-carotene/linoleic acid emulsion were mixed with 12 µL of the essential oil at different concentrations or standard propyl gallate and incubated in a water bath at 50°C for 60 min. Oxidation of the emulsion was monitored spectrophotometrically by measuring absorbance at 470 nm using a spectrophotometer (Jenway 6300) against a blank, consisting of an emulsion without β-carotene. The measurement was carried out at initial time (t= 0) and successively at 30 and 60 min. All samples were assayed in triplicate and averaged. The antioxidant activity (AA) was measured in terms of successful bleaching β-carotene by using the following equation: AA= [1-(A0-At)/( A°0-A°t) x 100
where A0 and A°0 are the absorbance values measured at the initial incubation time for samples/standard and control, respectively, while At and A°t are the absorbance values measure in the samples/standard and control respectively at t= 30 min and t= 60 min.
Microtitre
Cholinesterase inhibition assay: Acetylcholinesterase and butyrylcholinesterase inhibiting activities were measured by slightly modifying the spectrophotometric method previously developed by Ellman et al. [28] , which is based on the reaction of released thiocoline to give a colored product with chromogenic reagent Electrophorus electricus (EC 3.1.1.7, Type VI-S) AChE and equine serum (EC 3.1.1.8) BChE were used, while acetylthiocholine iodide and butyrylthiocholine iodide, respectively, were used as substrates of the reaction. The 5,5'-dithiobis(2nitrobenzoic-acid) (DTNB) was used for the measurement of the cholinesterase activity. In this procedure, AChE or BChE (0.20 U/mL in buffer pH 8) and C. gilletii essential oil at final concentrations in the test solution ranging from 31.25 to 1000 μg/mL (20 μL) were added to 2 mL of buffer pH 8 and pre-incubated in ice bath at 4°C for 30 min. Duplicate tubes were also treated this way with 20 μL of physostigmine (0.1 mM) to allow interference of the test substances in the assay to be assessed, and to control for any hydrolysis of acetylcholine or butyrylcholine not due to enzyme activity. The reaction was started by adding DNTB solution (20 μL of 0.05 mM in buffer pH 7) and acetylthiocholine iodide (ATCI) or butyrylthiocholine iodide (BTCI) (20 μL 0.018 mM in buffer pH 7) and tubes were allow in water bath for 20 min at 37°C. The reaction was halted by placing the assay solution tubes in an ice bath and adding physostigmine (20 μL 0.018 mM in buffer pH 7). Blanks were used of reagents without essential oils and the positive control physostigmine (20 μL 0.018 mM in buffer pH 7) was added. The hydrolysis of acetylthiocholine and butyrylthiocholine was monitored by the formation of the yellow 5-thio-2-nitrobenzoate anion, as the result of the reaction of DTNB with thiocholine, released during enzymatic hydrolysis, immediately recorded on spectrophotometer (Jenway 6300) at 405 nm and the percentage inhibition was calculated. C. gilletii essential oil and the positive control physostigmine were dissolved in 5% methanol which was used for the control. All the reactions were performed in triplicate. The inhibition rate (%) was calculated by equation:
Inhibition %= [(Blank-Blank positive control)-(Experiment-Experiment control)/(Blank-Blank positive control)] x 100 Statistical analysis: Differences were evaluated by oneway analysis of variance (ANOVA) test completed by a multicomparison Dunnett's test. Differences were considered significant at ** p< 0.01. The inhibitory concentration 50% (IC 50 ) was calculated from doseresponse curve obtained by plotting the percentage of inhibition versus the concentrations with the use of GraphPad Prism 4.0 Software.
